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Cyberinfrastructure: Enabling Biomedical Research

Compute resources
for modeling, simulation, /
data analysis

Instruments
for
Human observations
Global
o Connectivity
s 8B EEaEs

|nterféée5 / Optical Networking Digital collections

for visualization for
and collaborations NBCR Tools: knowledge management

Bringing Resources to Researchers Transparently




Challenge: Biological Complexity of Multiple Scales

Modeling Synaptic
Activity

NBCR Tools: Modeling and Analysis Across Scales



International Leverage
Co-Develop PRAGMA, PRIME, PRIUS

— Opal-OP: Opal-based service with Gt4 for PDB;j, PRIUS
Student, Osaka University

— My WorkSphere, co-developed by Jilin University students,
hosted by NBCR

Open Source
— Gfarm: Distributed File System, AIST
— CSF4: Grid Scheduler, Jilin University

Collaborations on Avian Flu
— PRIME: Collaboration with CNIC, China

— Award from TATRC ($351K, 1 year), joint with

« U Hawaii, AIST, Jilin, CNIC (transparent ws for data access),
KISTI (portal environment for CSF4 job scheduling and query)

Access to test bed, data, expertise: Enabling Team
Science



New tutorials on line
New users
New/enhanced collaborations

Summer Institute
nbcr.net/si

*  Mini Symposium
« Approx 50 participants (8 countries;
30 institutions)

« Several resources involved


http://www.nbcr.net/si

Building Community via Interactions

« QOrganize Sessions
— SCO06
— Biophysics — organized by Ferrin center

 Interact with IMAG - involved two
groups (McCulloch, Li) and workshop
proposal for

— Series of workshops on Model Sharing
Strategies, Software for Collaborative
Research and Standards for Multiscale
Biological Modeling of Tissues and Organs

* Propose multiscale modeling session —
joint with SIMBIOS, at PSB, Jan 2008

« Gateway to
— WCG:
» Connection via Art Olson
— OSG:
* Frank Wuerthwein participated
in Symmer Institute 06 =
— TeraGrid:
» Science Gateways G,
TeraGrid



Modeling Synaptic Modeling
Activity the Heart

ventricles

B Ar AR e 5 2
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multicellular .** ,,'o'
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crossbridge

L filament

Neuromuscular diseases — Cardiovascular diseases —

Lou Gehrig’s, Alzheimer’s, ... Cardiomyopathy, Arrhythmia, ...



Transformation Based Backprojection for
Volume Reconstruction (TxBR)
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Grid Technology -- Cyberinfrastructure
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raw resources, middleware and execution environment

Enabling Biomedical Applica

Cyberinfrastructure

Web Service
ilesystem

Virtual F

Workflow Management
Vision
KEPLER
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Service Oriented Architecture



Towards Services Oriented
Architectures (SOA)

« Scientific applications wrapped as Web services
— Provision of a SOAP API for programmatic access

» Clients interact with application Web services,
iInstead of Grid resources

— Used in practice in NBCR, CAMERA, GLEON, among
many others

— PDBj, BioGrid-Japan — QM/MM simulations (Opal-
OP)

— Continuity, AutoDock, APBS, PMV, GEMSTONE
(Opal)



Opal: Web Service Wrapper

Web Service
Request AXIS
launch job Read | onfiguration
> App location
End Usel’ OPAL Aggtype
Submit Job 7
Cluster System
Globus
launch
Local Scheduler > -




Opal WSRF Operation Provider

Application Services
Application developers can benefit from not only OPAL but also GT4.
Furthermore, developers still can freely design their own services

Opal-OP OPAL Operation Providers | | Operation Providers
_ Operation Provider for WSRF for Notification
Toolkit Ty Ge RZPr;\;;cli’er |d ‘ SubscribeProvider
i i e rovider
GT2based |! GT4based | QuervRPProvid NotificationConsumer
Job Management| {Job Management: uery roviaer Provider
Security E Security

Globus Server Container

GT4

K. Ichikawa
In use at PDB;j for the structure navigator




CAMERA Labs: Blast Portlet Interface to GOS Annotation
Database (GAD)

OPAL + ATOMIC + GAMA + NBCR
expertise

http://camera.calit2.net


http://camera.calit2.net

My WorkSphere Overview



Web Service based Workflow Composition

S. Krishnan



Opal Web services in Vision

nnnnnnnn



Secure AutoDock Services

« Secure web services
(GAMA based
authentication)
for AutoDock on NBCR

cluster
e ADT4 is now GPL



Continuity 6.3 In Action at WHOLE HEART SCALE.:

MRI and Ventricular Mechanics in Murine Heart
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High-fleld MRI Remodeling data

Costandi PN, Frank LR, McCulloch AD, Omens JH (2006) Role of
diastolic properdes in the ransidon to faliure in a mouse model of
cardiac diiatation. Am J Physiol Heart Circ Physiol 2006
Dec;281(8):H2871-8.

Finite Element Model




Subcellular Level Modeling: Integrating Image Analysis, Mesh
Generation, and Simulation

* Pipeline

:D Image :> Feature
Pre-processing

Extraction

Geometric
Modeling

Physical : :
Modeling :> Simulation :>

Z.Yu



Translational Medicine Research: Relaxed Complex
Method and Virtual Screening

Ligands

Org.
synt

available

ZINC

NCI

Ligand PDBs
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AutoDock

Set of docked
complexes, BEs

R. Amaro



Supplementary Slides

NBCR Web Site: htip://nbcr.net

Publications:
http://nbcr.net/publications.php.

Tools: http://nbcr.net/tools.php.
Highlights: http://nbcr.net/news.php
Mailing list: announce@nbcr.net

Training & Dissemination:
http://nbcr.net/userservices.php and
http://nbcr.net/pub/wiki.



http://nbcr.net
http://nbcr.net/publications.php
http://nbcr.net/tools.php
http://nbcr.net/news.php
mailto:announce@nbcr.net
http://nbcr.net/userservices.php
http://nbcr.net/pub/wiki

New Class of HIV Drugs: Merck & Co.

Discovery of unexpected binding site in HIV-1 Integrase using MD and AutoDock:
Schames, ... & McCammon, J. Med. Chem. (released on web, March 2004)

“ Exploration of the structural basis for this unexpected result provides insights
Into this class of antiviral agents and suggests an approach to the development
of integrase inhibitors with unique resistance profiles.”

D. Hazuda et al., Proc. Natl. Acad. Sci. USA (Aug. 2004),

/ refers to Schames, et al. (2004).

.--H-u. N Ii___;..- /
; o
J &4
- February, 2006 — Phase 1l Clinical Trials

http://clinicaltrials.gov/show/NCT00293254
L-B70,810 August, 2006 — Expanded Access Program


http://clinicaltrials.gov/show/NCT00293254

Time-dependent Diffusional Encounter

Y. Cheng, J. Suen, D. Zhang, S. Bond, Y. Zhang, Y. Song, N. Baker, C. Bajaj, M.Holst,
J.A. McCammon. Finite Element Analysis of the Time-dependent Smoluchowski
Equation for Acetylcholinesterase Reaction Rate Calculations. Biophys. J. (2007).



SYSTEM SCALE:

Ventricular Interactions

100%

80

60

40

20

Integrated Multi-Scale Model 54
Kerckhoffs RCP, Neal M, Gu Q, Bassingthwaighte JBB, Omens
JH, McCulloch AD (2007) Coupling of a 3D finite element
model of cardiac ventricular mechanics to lumped systems
models of the systemic and pulmonic circulation. Ann Biomed
Eng 35(1):1-18

LV to LV pressure

RV to RV pressure

56 58 60
time [sec]

In systole, the LV
contributes more
to RV pressure

than the RV itself!



WHOLE HEART SCALE:
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High-field MRI Remodeling data

Costandi PN, Frank LR, McCulloch AD, Omens JH (2006) Role of
diastolic properties in the transition to failure in a mouse model of
cardiac dilatation. Am J Physiof Heart Circ Physiof 2006
Dec;291(6):H2871-8.

Finite Element Model




MULTI-CELLULAR TISSUE SCALE:
Tissue Wedge Model of Inherited Arrhythmia in LQT3

Subcellular Ifactivated states” states
UIC3T=UIC2+= UIF=UIMF=UIM2 SCN5A-11768V
1T 1T 1N :
uca= yco= yc= Uo mutation
T 1 2 open augments the late
LC3 ¥ LC2¥  LC1Y  LO states Na+ current (INaL)
Closed states Clancy et al

— 2003

}\‘_r '_:|’- e EADs occur in
} - ' midmyocardial
e e et and endocardial
7 VT e

i \ g . epicardial)

myocytes

Endocardial EADs
J ‘ trigger epicardial
‘ \ l’ A [ 11 APs resulting in
I [ e “RonT”
VYWY extrasystoles and
polymorphic VT

Flaim SN, Giles WR, McCulloch AD (2006) Contributions of sustained INa and
IKv4.3 to transmural heterogeneity of early repolarization and
arrhythmogenesis in canine left ventricular myocytes. Am J Physiol Heart Circ
Physiol 291(6):H2617-29
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